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Description 

The present invent! n relates to a process for 
producing a semiconductor device, having an 
insulating film comprising a film of silicon dioxide 
covered by 3 film of silicon oxynitride, comprising 
the steps of forming an exposed film of silicon 
dioxide over a silicon substrate and then nitriding 
the exposed surface of the silicon dioxide by 
heating in a nitriding atmosphere. Such a process 
is known from IBM-Technical Disclosure Bulletin, 
Vol. 19, No. 3 r Aug. 1976, p.905. 

Materials that have been used as insulating 
films in silicon semiconductor devices in the past 
include silicon dioxide (Si0 2 ), silicon nitride 
{Si 3 N 4 ) and silicon oxynitride (SiO s N y ). Silicon 
dioxide is usually formed by a thermal oxidation 
of the silicon substrate or CVD or controlled 
vapour deposition process and thus, is inherently 
not dense. Silicon nitride has always been formed 
by CVD (chemical vapor deposition) process or by 
directly nitridating silicon. Silicon oxynitride has 
been formed by a CVD process using NH* 0 2 and 
SihU ga3ss. 

It is also known to use a double film, wherein 
alumina (Al 2 0 3 ), silicon nitride or a mixture of 
AI 2 Oj and Si 3 N 4 is applied or laminated on a 
silicon dioxide film. The known insulating single 
or double film is, hoy/ever, unstable during the 
production or operation of the semiconductor 
device, and does not have a dense structure. 
Furthermore, it is inevitable that an interface is 
caused between the insulating film and the silicon 
substrate when it is applied by the CVD process. 

In a further known CVD process for producing 
silicon oxynitride, monosilene (SfH 4 ), ammonia 
(NH 3 ) and oxygen (0 2 ) are brought into reaction 
with each other at a temperature of, for example, 
700°C, see also FrVr-A — 2,223,836. The molar ratio : 
of ammonia with respect to oxygerr may be varied 
or changed gradually during the CVD period. 
However, the silicon oxynitride produced by this 
CVD process possesses structural defects. The 
inventors of the present invention believe that the 
structural defect are causad by the fact that inter- 
mediate reaction products of the CVD reaction are 
incorporated into the insulation film. 

A further disadvantage) cf the CVD process 
mentioned above is that it is difficult precisely to 
adjust the thickness of the silicon oxynitride film, 
and to form a film having a thickness of 10 urn or 
less. 

It is well known In the field of semiconductor 
devices to use silicon dloxids (Si0 2 ) as an insulat- 
ing film on a semiconductor silicon substrate. 
Since the semiconductor device is required to 
operate both reliably and stably for a long period 
of time, contamination of the semiconductor sub- 
strate surface, which :s believed to be the major 
reason for deterioration in its reliability, is pre- 
vented by covering the surface of the semi- 
conductor substrate with a silicon dioxide film. 
Silicon dioxide is the insulating material which is 
most frequently used for such covering, namely 
for surface passivation. 



It is also known that a single film of silicon 
dioxide cannot effectively prevent the surface of 
the semiconductor substrate from being 
contaminated by contaminants, such as moisture 
5 or sodium Ions, from outside the semiconductor 
device. Accordingly, an upper film of alumina 
(A1 2 0 3 ) is sometimes applied on the film of silicon 
dioxide. Instead of the alumina film, a phos- 
phorus glass layer, a boron glass layer or a lead 
to glass layer may be formed on the silicon dioxide 
film. The formation of the phosphorus glass layer 
or phosphorus treatment can be simply carried 
out and effectively passivates the semiconductor 
surface. Although the phosphorus treatment is 
is most frequently used in the industrial production 
of semiconductor devices, the surface of the 
passivation film, on which the phosphorus is 
impregnated, is hygroscopic and, hence unstable. 
It is also known that the silicon dioxide film, 
20 which can be formed by directly oxidising the 
silicon substrate, is superior to an insulating film 
directly, deposited on the silicon substrate by the 
CVD process. This is because the CVD process 
involves a contamination of the interface between 
2$ the film and substrate due to vapour sources. 

It is, therefore, an object of the present inven- 
tion to provide a dense insulating film for semi- 
conductor devices which does not have the dis- 
advantages of the conventional insulating films. 
30 A process according to the invention for pro- 
ducing a semiconductor device, having an in- 
sulating film comprising a film of silicon dioxide 
covered by a film of silicon oxynitride, comprises 
the steps of forming an exposed film of silicon 
3$ dioxide over a silicon substrate and then nitriding 
the exposed surface of the silicon dioxide by 
heating in a nitriding atmosphere characterised in 
that the nitriding atmosphere contains ionized 
nitrogen atoms in a plasma stata and the heating 
40 temperature of the silicon dioxide film is in the 
range from 800 to 13C0°C. 

The insulating film so formed according to this 
invention comprises a so called silicon oxynitride, 
which is a silicon dioxide in which oxygen atoms 
45 are replaced, although not stoichiometically, by 
nitrogen atoms. The silicon oxynitride formed by 
the present invention is distinguished from the 
known silicon oxynitride, formed by a CVD pro- 
cess U3ing NH* SiH* and 0 2 gases since a film of 
so silicon dioxide is subjected to a nitridating step in 
accordance with the present invention. The sili- 
con oxynitride film produced according to the 
present Invention is also distinguished from the 
known, double structure film of a lower, silicon 
55 dioxide layer and an upper, silicon nitride layer, 
because in the known structure, the silicon nitride 
layer is deposited on the silicon dioxide layer 
whilst in the present invention the silicon dioxide 
layer is partly nitnded or impregnated with nitro- 
50 gen. Accordingly, the insulating film made in 
accordance with the present invention does not 
have the disadvantages, such as the formation of 
structural defects therein and ccfnjtamination of 
the interface between such a filmland the semi- 
55 conductor silicon substrate. 
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It is known t form a silicon dioxide film by 
thermal oxidation of a semiconductor silicon sub- 
strate. This comprises the step oi~ heating the 
substrate to an elevated temperature of from 600 
to 1200°C in an oxidising atmosphere of, for 
example, oxygen or water. Depending on the 
purpose of the silicon dioxide film, the thickness 
of the film i3 selected to be in the range of from 3 
to 2000 r.m. 

The thermal oxidation of silicon is suitable for 
preventing the. increase of electric charges on the 
surface of the silicon substrate to a l^vel of more 
than 10 12 cm~ 2 . 

The nitridation process of silicon dioxide film 
according to the present invention comprises a 
step of heating the semiconductor silicon sub- 
strate and the silicon dioxide .film formed on the 
substrate to a temperature of from 800 to !300°C, 
preferably from 1000 to 1200°e in a nitridating 
atmosphere containing ionised nitrogen atoms in 
a plasma state. Since experiments by the inven- 
tors have shown that no silicon oxynitride was 
formed by the heat treatment using molecular 
nitrogen gas, it is essential to use ionised nitrogen 
in the form of a plasma for the nitridation atmos- 
phere. * 

, Particular embodiments of the present inven- 
tion may comprise the steps of forming a film 
consisting essentially of a silicon nitride on a 
silicon substrate, by subjecting the substrate to a 
direct thermal nitridation, oxidising a portion of 
the nitride film and subsequently heating the 
silicon substrate in a nitriding atmosphere con- 
taining ionized nitrogen atoms in a plasma state 
to convert at least a portion of the oxidised 
surface to silicon oxynitride. 
! The process for forming a direct thermal nitride 
film of silicon may comprise a step of heating the 
-silicon substrate in a nitrogen containing atmos- 

- phere to a temperature, of from i 900 to 130(rc, 
preferably from 10QO to 1200°C for a; period of 
from 0.Q1 to 1 00. hours. The^ nitriding atmosphere 
may comprise -a, nitrogen/ com pound, such as 
ammoniaor hydrazine {NaHj^ The nitrogen com- 
. pound is preferably ammonia. The direct thermal 
nitride:fi|m of ^silicon -preferably^ of 
from 2 to 10 nm, more preferably from 3. to 5 nm. 
Such a. nitride fi|m can .be forrned by using a 
nitridation atmosphere in which oxidjant im- 
purities, such as oxygen, wate/^carbon dioxide, 
eta, are reduced to a level of less Jhan [100 ppm 
and by adjusting me nitridation temperature to a 
range of from 1200 to, 1300/^^ • -w. c 

It. is preferable $o cpmpletely. clean, the silicon 
substrate prior to the "ni^datjqf^ by riegreasing 
the silicon substrate in an organic solvent; boiling 
in an acid solution, preferably sulfuric and nitric 
acid, and etching in hydrofluoric acid. Prior to 
forming tfee direct thermal nitride film of silicon, it 
is preferable to heat the silicon substrate in an 
inert gas atmosphere at temperature of from 900 
to 1300°C . , 

The oxidation step may comprise heating the 
semiconductor silicon substrata, provided with 
the nitride film to -a temperature of from 500 to 



1300°C, preferably from 900 to 1200°C, in an 
oxidizing atmosphere of oxygen or water. The 
film consisting essentially of silicon nitride is 
gradually changed to silicon oxide by oxygen 
5 atoms, which diffuse from the surface to the 
iriterior of the fiim. Silicon oxide or silicon oxy- 
nitride is, therefore, formed oh the oxidized sur- 
face of the fiirh. In the oxidation step mentioned 
above, the thickness of the oxidized, silicon nit- 
w ride film i is increased because the ^oxide film 
grows to s a thickness of from 3 to 19 hm, prefer- 
ably frorn 5 to 9 nm. The total thickness of the 
silicon nitride and the oxidized film is^ increased 
from the thickness of the nitride film directly after 
75 the thermal nitridation of silicon. 

The final nitridation step of the oxidized surface 
of the nitride film for the formation of silicon oxy- 
nitride is carried' out as stated above. - 
: The nitridation process of a thermal oxidation 
20 film orsilicon comprises a step of heating the 
semiconductor silicon substrate and the silicon 
dioxide film formed thereon to an elevated 
temperature in an atmosphere of plasma gas 
which contains^ ionized nitrogen atoms. The 
25 plasma gas atmosphere can be generated from a 
*' rttrogen-contalning gas or gases. Such gas is, 
preferably, ammonium, or nitrogen. The nitro- 
geri^containihg gas can be mixed with hydrogen, 
* ' hydrogen chloride or chlorine'gases. The plasma 
30 -gas? may be generated by heating the source gas 
^under' a~reduced pressure of from £.0133 to 13.3 
'mbar by means of an electric discharge. The 
electric charge is fncfuced in a space in which the 
sdurce gas is confined, by applying a high fre- 
35 ^uency current of from 50 to 1000 KHz and a 
voltage of -from 1 KV to 100 KV; The nitridation 
u -' r f06oni' s Mtff : ^tB plasma "gas is; advantageous 
^ •" because- various Wrids of gases can be used and, 
" T WSKer, me heating temperature is'low, i.e., in the 
40 : '~- r^nge^lfrdrrt 80<j 1 to 13G0*C, preferably from 800 
>.,vjj ii£KfC; The nitridation ttme using the plasma 
: r : "gas j ii reduced" compared to that when using non 

' plasma gases;' " ; 
v "Tfie^^^ the silicon oxy- 

45 hifHbV 'produced according to the present inven- 
tion afe hdt KaWe-tfrcontamination by impurities, 
>: sucfi as ; molslurei ahd sodium and potassium 
ions. TTie ^urface state density :(N„) of the insula- 
- tiori film ^'decreased considerably the nitridation 
so of silicon v dioxide to a level of approximately 
5Xl6 tT to1x10 , 7cm* at a sHicbn surface potential 
of 0.3eWlt is believed by - the Inventors that, 
because of a decrease in the drift of sodium ions 
due to the nrtrrdatldn, thtfbebaviour of the capaci- 
55 tarice change depending upon the voltage applied 
to the insulation film is decisively influenced by 
injection of carters into a trap level, which is 
present in the proximity' of tire interface between 
the silicon substrate and thothsulation film com- 
60 prising the silicon dioxide. r> 

In the nitridation by the plasma gas it is prefer- 
able to select the'heating time in the range of 
from 1 to 5 hours and the heating temperature in 
the range of fr m 1000 to 1200°C, so % to provide 
65 the insulati n film with a low N„. 
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* Up 2 high electric potential, the insulation 
films auced according to the present invention 
do no: ^.ibit such disadvantageous behaviors as 
the m , -mentof ions and the capturing phenome- 
na of -riers in the film. 

The ulation film comprising the sjlicon oxy- 
nrtridr educed according to the present inven- 
tion, r nave a high relative dielectric constant 
rangir.: :m 4 to 5.3. Furthermore, the insulation 
films p. jced according to the present invention 
may h&, 3 high breakdown voltage in the range 
frorofrc 1 1 to 12 MV/cm. The breakdown voltage 
is merer i as the nitridation time increases. 

The ? ■ ^ oxynitride film is highly resistant 
against ig solutions used in the production of 
semicci it devices, such as hydrofluoric acid, 
amomr. tone acid and their mixed, solution. 
The res se 3gainst etching solution is in- 
creased ™ increase in the nitridation time. 

The in: dfilm, which is formed by a nitrida- 
tion of ttv 1 ally oxidized silicon substrate, has 
such a ■-. :re that this oxidation film is 
gradually ned to silicon oxynitride from the 
surface tot: :erior of this film Jn other words, at 
least an u. : surface of the insulative film 
comprises i : ^on oxvnitride, and the nitrogen 
content of ^licon oxynitride is gradually 
decreased* e surges to the interior thereof. 
Accordingly ^ulative film produced accord- 
ing to the prr mention is dense and includes 
no structural *-.rs, which are liable to form at 
the interface r; e lair-nated structure of two 
different kinc : >yerv 

The insulat: ■ :m, vr-ch is formed by succes- 
sive direct tr .41 nivr otion, oxidation and the 
final nitricstv .taps wording to a particular 
embodime *\ the ir -ion, may have a struc- 
ture *;ffere v. -*-T th ascribed above. . but it is 
dens^ . : . ::ructural defects. 

Toe ^ - at* ogen to oxygen in the 
silicon ' gen y ranges from 1:10 to 
10:1. 

The insula 1ms duced according to the 
present inver r»rcse :^o such inconveniences 
as: contamtf ■-■ of t interface between the 
semiconduci : >strat : r»d the film due to the 
formation of ans oiarization of carriers In 

the films ca by th« electric filed. Property 
variation of ^ ;sulatr ^ films due to movable 
ions is favour suppre i ^d by the nitridation of 
the silicon di- ■ . 

Because or re facts mentioned above, the 
insuletivefilm ^rcducac* wording to an embodi- 
ment of the pr -s ^ent inven \i on are suitable for as a 
passivation fiin of a semiconductor device. The 
passivation fflrr should r • ve a thickness of from 
approximate' 00 to 2C0O nm, preferably from 
300 to 10C0 :* The thermal oxidation film of the 
silicon sub- to bo subjected to the nitridation 
should hav; ckness of from approximately 5 to 
2000 nm, ■ rably from 10 to 1000 nm. The 
nitridati n u of the silicon dioxide film should 
befromapp imatelylt 600 minutes inplasma 
and non pie * r-a atmospheres. 
When a ~,se insulating film in the range of 



from approximately 3 to 1 8 nm is desired for one of 
the mentioned uses, tho direct thermal nitridation 
of the substrate, thermal oxidation of the silicon 
nitride and final nitridation of the silicon oxide 
5 should be performed successively. The direct 
thermal nitridation should be performed in such a 
manner that the nitridefilm grows to a thickness of 
from approximately 2 to 10 nm, preferably from 3 
to 7 nm. The thermal oxidation time should be 
10 from approximately 0.01 to 100 hours, preferably 
from 0.1 to 10 hours. The nitridation after the 
thermal oxidation step should be carried out from 
approximately 0.01 to 100 hours, preferably from 
0.1 to 10 hours. 
15 Since an electrode or wiring, etc., are usually 
formed on the top surface of the semiconductor 
devices, not the thermal oxidation film of the 
silicon substrate but a silicon dioxide film, which is 
deposited on such top surface by a CVD, sputtering 
20 or vacuum evaporation process, may be subjected 
to the nitridation, and is used for the passivation 
film. The passivation films produced according to 
an embodiment of the present invention are highly 
resistant to contamination from the exterior of the 
25 semiconductor device, and enable long and stable 
operation of the semiconductor devices, with 
constant performance, even at high temperature. 

The insulative films produced according to an 
embodiment of the present invention are also 
30 suitable for use as a gate insulation film of an 
MISFET. The gate insulation film should have a 
thickness of from approximately 3 to 300 nm, 
preferably from 5 to 100 nm. The thermal oxidation 
film of the silicon substrate to be subjected to the 
35 nitridation should have a thickness of from 
approximately 3 to 300 nm, preferably from 10 to 
100 nm. The nitriuation time of the silicon dioxide 
film should be from approximately 0.0T to 100 
hours. 

40 c The gate insulation film produced according to 
ah embodiment of the present invention is highly 
resistant to contamination from the exterior of the 
semiconductor device. At least one MISFET of a 
semiconductor device has insulative films, which 
45 are formed according to an embodiment of the 
present invention, and operates stably over a long 
period of time because of the excellent properties 
of the insulative films, in addition, the variation of 
the threshold voltage of the MiSFETS is con- 
50 siderably lower during the operation thereof than 
that of the MtSFETS having a conventional gate 
insulation film. Furthermore, no problems of a 
decrease in mutual conductance {gm) and an 
increase in the surface state density (N„) are 
55 presented during the operation of the MISFETs. 

In semiconductor devices, such metals as gold, 
aluminium and molybdenum, are used for wiring 
conductors and are deposited on an insulative 
material such as silicon dioxide. When the conduc- 
es tor and : the silicon dioxide are heated to an 
elevated temperature, a reaction ^between the 
conductor and the silicon dioxide occurs. When 
such reaction causes an increase in thg resistance 
and a property deteriorati n f the conductor, 
65 such reaction is undesirable and should be 
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presented. Using insulative films produced 
according to the. present invention, the disadvan- 
tages mentioned above can be eliminated when 
heating the conductor and insulative material at a 
temperature ranging from 100 to 1200°C. 

The insulative films for the gate insulation film 
and the underlying film of the conductor should 
have a thickness of from approximately 3 to 2000 
nm, preferably from 10 to 1000 om. The silicon 
oxide film to be subjected to the nitridation should 
have a thickness of from approximately 3 to 2000 
nm, preferably from 10 to 10€0 nm. The nitridation 
time of the silicon dioxide film should .be from 
approximately 1 to 1000 minutes, 

.The insulative films produced according to the 
present invention are also suitable for use as a 
mask against selective diffusion of impurities into 
a semiconductor silicon substrate. - , 

The diffusion mask should have a thickness of 
from approximately 5 to 1000 nm, preferably from 
10 to 500 nm. The thermal oxidation film of the 
silicon substrate to be subjected to the nitridation 
should have a thickness of from approximately 5 to 
1000 nm, preferably from 10 . to 500 nm. The 
.nitridation time of the silicon dioxide film should 
be from approximately 1 to 1000 minutes. 

By means of the diffusion mask produced 
according to an embodiment of the present inven- 
tion, the selective diffusion can be carried out by 
using a very thin mask, with the result that the 
mask does not cause! any thermal Stress on the 
silicon substrate during the diffusion step. Side 
diffusion does not occur due to the excellent 
adherence between the thermal oxidatidn SiO a 
layer of the diffusion mask and the silicon sub- 
strate. Accordingly,, it is possible to produce fine 
diffused as on the silicon substrate. Furthermore, 
although the conventional, silicon, dioxide^ mask 
cannot mask the silicon substrate against the 
.impurity boron under a hydrogen atmosphere, no 
such problem as the bojron diffusion tyirpugh [ the 
- mask occurs during the diffusion and heat treat- 
ment, steps when using, the diffusion, niasfc pro- 
duced according to an embodiment of the present 
invention* A property deterioration of th$SiO a 
layer and a property deterioration of an interface 
between the Si0 2 layer and the silicon substrate 
are advarrtageousry prevented by the diffusion 
.mask produced according to. an embodiment of 
the present invention. 

The insulative films produced according to an 
embodiment of the present invention are further- 
more suitable for use as the dielectric materiel of a 
capacitor of the semiconductor devices. An elec- 
trode is deposited on each of these insulative 
films. 

The insulative material film for the capacitor 
should have a thickness of from approximately 3 to 
1000 nm, preferably 5 to 500 nm. The thermal 
oxidation film of the silicon substrate to be sub- 
jected to the nitridation should have a thickness of 
from approximately 3 to 500 nm, preferably from 5 
to 300 nm. The nitridation time of the silicon 
dioxide film should be from approximately 1 to 
1000 minutes. 



The insulative material of the capacitor pro- 
duced according to an embodiment of the present 
invention exhibits higher dielectric constant than 
the dielectric constant of silicon dioxide. The 
5 relative dielectric constant of the insulative 
material produced according to an embodiment of 
the present invention is generally from 4 to 6. 
Since the insulative material can be made thin, it is 
possible tOTTianufacture a capacitor having a high 
to capacitance value from such insulative material. 
This capacitance value is approximately 30% 
f hi^heK than that of the conventional capacitor 
" using a* silicon dioxide as the dielectric material. 
A semiconductor memory cell may include the 
15 excellent capacitor element mentioned above on 
the 'semiconductor silicon substrate. Con- 
sequently, the amount of electric charges stored in 
a memory cell of a semiconductor device pro- 
duced according to the present invention is 30% 
20 tiigher than that in the case of using the conven- 
tional capacitor mentioned above. Accordingly, it 
is possible to read out the memory cell with a very 
low error rate. 
It is possible to reduce the thickness of the 
25 insulating material in a capacitor to between 3 to 
10 nm. Since a large electric charge can be stored 
in a memory tell using a thin insulating film for a 
capacitor element of the memory cell, the area of 
. the mernbry cell can be reduced to less than that 
30 used previously. 

Various examples of methods in accordance 
with this invention will now be described and 
contrasted with earlier, control examples, with 
reference to the accompanying drawings; in 
35 '" which:*— * 

Figure 1 is a graph of the peak value of Auger 
; analysis against time to demonstrate the depth of 
me nitride; 

' ; Figures Zto 7 are cross sections through a semt- 
40 conductor device' at various stages during the 
formation of an MISFET element; 
Figure 8 is a cross section through a MISFET. 

< Example 1 
45 P-type silicon substrates having a resistivity 
: ' betweeri4 and 5 Q cm were heated to 1 000°C, for a 
'period of 35 minutes, under an atmosphere of 
; argon, which was bubbled through water having a 
temperature of 50*C. As a result of the heating, a 
» silicon dioxide film having a thickness approxi- 
mately 50 nm was formed on the silicon sub- 
strates. Each of the substrates was then placed in a 
plasma-generating apparatus, into which nitrogen 
gas was introduced. The pressure of the chamber 
55 • was reduced to 10 -t Torr and the nitrogen gas was 
activated to plasma by an electric: charge of 6 KV 
wittv a frequency of 400 KHz. The substrates 
exposed to the plasma gas of nitrogen were 
heated to 1030°C, for a period of 5 hours at the 
so maximum, by means of the RF power of 6 KV. 

The results of the Auger analysis was as shown 
in Fig. 1. It will be apparent from Fig. 1, that the 
surface of the silicon oxide film wasnjonverted to 
the silicon oxynitride having a molar r^tio of O/N of 
55 approximately 2.5. 



The index of refraction of the insulative film on 
the silicon substrates was measured. The maxi- 
mum index of refraction was approximately 16.5 
with regard to the insulative film formed after 
approximately 5 hours of heating. 

The thickness of the insulative film was in- 
creased by approximately 2 nm after the piasma 
nitridation for 5 ftours. 

Instead of the nitrogen gas, ammonia, a gaseous 
mixture of nitrogen and hydrogen, a gaseous 
mixture of nitrogen and hydrochloride, and a 
gaseous mixture of nitrogen and chlorine, were 
used separately for the source of the plasma gas. 
Essentially same results as explained above were 
obtained with these gases. 

Example 2 

An MISFET was produced in the present 
Example as explained with reference to Figs. 2 
through 6. . 

Referring to Fig. 2, silicon dioxide film 12 was 
formed by thermal oxidation of a P-type silicon 
substrate 11, having a resistivity of 1 Q cm and 
including a boron dopant A window was formed 
through the silicon dioxide film 12, so as to leave 
this film as a field insulation film. The window 
exposed an active region 13 of the substrate 11. 

Referring to Fig. 3, the active region 13 of silicon 
substrate exposed through the window was sub- 
jected to a thermal oxidation similar to that 
explained in Example 1, and a silicon dioxide film 
14, for the gate insulation film, having a thickness 
of 50 nm was formed, Nitridation of the silicon 
oxide films 12 and 14 was carried out for a period 
of approximately 60 minutes under the piasma 
nitridation condition explained in Example 1. The 
surface of the oxide films 12 and 14, for the field 
and gate insulations, respectively, which was 
converted to silicon oxynitride, is schematically 
shown in Fig. 4 by number 15 and "X" marks- 
Referring to Fig. 5, a polycrystailine silicon film 
16 was deposited by a CVD process on the silicon 
oxynitride 15 to a thickness of 300 nm and then, 
selectively removed to produce an electrode 
pattern of a gate of the MISFET. The insulative film 
(the originaf oxide film 14 and the silicon oxynit- 
ride film 15) was, therefore, partly exposed, and 
then, the exposed insulative film was removed by 
an etching solution of a buffered hydrofluoric acid. 
During the etching, the polycrystailine silicon film 
16 masked the underlying insulative film. The 
etching was terminated when the silicon substrate 
11 was exposed. Windows 17 and 18 for the 
diffusion of the source and drain of the MISFET 
were formed by the etching. 

Referring to Rg. 6, a phospho-silicate glass 
(PSG) film 19, containing 5% of phosphorus, was 
deposited by a CVD process to a thickness of 
approximately 300 nm. Subsequently, the PSG 
film 19 was heated to 1000°C, for 30 minutes, in a 
nitrogen atmosphere, thereby diffusing the phos- 
phorus from the PSG film 19 into the substrate 11. 
An nT. type, source region 20 and drain region 21 
were,, therefore, formed on the diffused surface of 
the substrate 11. 
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Referring to Rg. 7, the PSG film 19 was selec- 
tively removed t expose the source and drain 
regions 20 and 21, respectively, so that contact 
windows 22 and 23 of the electrodes were formed, 
s Aluminum was deposited on. the substrate and 
selectively removed to form the pattern of a source 
electrode 24 and a pattern of the drain electrode 
25. 

w Example 3 

On the MISFET produced in Example 2, a silicon 
dioxide film 26 (Rg- 3} was formed by a CVD 
process to a thickness of 500 angstroms. The 
MiSFET was then heated in a plasma atmosphere 

75 at 850°C, for 30 minutes. The plasma atmosphere 
was generated by applying an electrical discharge 
to a gaseous mixture of nitrogen and hydrogen in a 
volume ratio of 10:1. The electrical discharge was 
induced by applying a high frequency current of 

20 400 KHz and 4 KV to the gaseous mixture under a 
pressure of 0.133 mbar. As a result of the heating 
under the plasma atmosphere, a silicon oxynitride 
layer was formed on the surface of the film 26 at a 
thickness of approximately 3 nm. 

25 

Example 4 (control) 
A silicon dioxide film completely free from pin 
holes was formed on P-type silicon substrates 
having a resistivity of 1 Q cm to a thickness of 10 

30 nm. An aluminium olectrode was deposited on the 
silicon dioxide film. One of the substrates was 
heated together with silicon dioxide and 
aluminum electrode at 450°C, in an nitrogen (N 2 ) 
gas, for 30 minutes. The insulative properties of 

35 the silicon oxide film were found to have deterior- 
ated due to the heat treatment. 

A molybdenum electrode was then deposited on 
the silicon dioxide film of th« other substrate, and a 
heat treatment was carried out at a temperature of 

40 1000 3 C. As a result of the heat treatment molyb- 
denum atoms were diffused into the silicon 
dioxide film, and a molybdenum electrode was 
partly oxidized by the silicon dioxide film. The 
deterioration of the insulative properties was more 

45 serious than in the case of the aluminum electrode. 

Claims 

1. A process for producing a semiconductor 

so device having an insulating film comprising a film 
of silicon dioxide covered by a film of silicon 
oxynitride comprising tha steps of forming an 
exposed film of silicon diaxide over a silicon sub- 
strate and then nitriding the exposed surface of the 

$5 silicon dioxide by nesting in a nitriding atmos- 
phere characterised in that the nitriding atmos- 
phere contains ionised nitrogen atoms in a plasma 
state and the nesting temperature of the silicon 
dioxide film is in the range from SCO to 1300°C. 

so 2. A process according to claim 1 characterised 
in that the nitriding atmosphere is formed by 
plasma activation of an atmosphere of nitrogen 
gas, ammonia, nitrogen and hydrdgen, nitrogen 
and hydrochloride or nitrogen and^thlorine. 

$5 3. A process according to claim 1 characterised 
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in that the oxynitride insulating film is formed to a 
thickness of 3 t 19 nm. - 

4. A process according to any preceding claim 
characterised In that the exposed film of silicon 
dioxide is formed to be 3 to 2000 nm thick. 

5. A process according to any preceding claim 
characterised in that the silicon dioxide film is 
formed by thermal oxidation of a silicon surface 
layer of a silicon substrate. 

6. A process according to any of claims 1 to 4 
characterised in that the silicon dioxide film is 
made by the preliminary step of forming a silicon 
nitride surface film by thermal nitridatlon of a 
silicon surface layer of a silicon substrate and 
converting the exposed surface of. the silicon, 
nitride film to silicon dioxide by oxidation. 

7. A process according to claim 6 characterised 
in that the silicon nitride surface film is formed by 
heating the silicon substrate to a temperature of 
900 to 1300°C in a nitrogen containing atmos- 
phere with an oxidant impurity in an amount of 
less than 100 ppm and the oxidation of the 
exposed surface of the silicon nitride film to 
silicon dioxide is effected by heating the silicon 
nitride in an oxidising atmosphere at a tempera- 
ture of 500 to 1300°C. 

Patsntansprttche 

1. Verfahren zur HersteHung einer Halbleitervor- 
richtung, die einen Jsolierenden. Rim hat, mit 
einem Rim aus Siliziumdioxid, der durch einen 
Rim aus Siliziumoxlnitrid' gebitdet isV mit den 
Schritten der Bildung eines exponierten Rims aus 
Siliziumdioxid uber einem Siliziumsubstrat und 
anschlieSender Nitrierung der exponierten, Ober- 
flache des Siliziumdioxids durch; Erw3rmung in 
einer nitrierenden Atmosphere, dadurch gekenn- 
zeichnet, da& die nrtrierende\AtmosphSre ioni- 
sierte Stickstoffatome in einenv Rlasmazustand 
enthalt und 'die Erwarmungstemperatur des 
Siliziumdidxids im ; Bereich von 800 bis 1300°C 
liegt- v ...-v., v : 

2. Verfahren nach Anspruch 1, dadurch gekenn- 
zeichhet, dak die nitrierende Atmosphare durch. 
Plasmaakth/ierung von einer Atmosphare aus 
Stickstoffgas, Ammoniak, Stickstoff und Wasser- 
stoff, Stickstoff und Chlorwasserstoff Oder Stick- 
stoff und Chlor besteht 

3. VerfShren nach Anspruch 1, dadurch gekenn- 
zeichriet, daB der tsolierende Rim aus Oxinitrid in 
einer Dlcfce von 3 bis 19 nm gebildet wird. 

4; Verfahren nach einem der vorhergehenden 
AhsprGche, dadurch gekennzeichnet, daS der ex- 
ponierte Rim aus Siliziumdioxid 3 bis 2Q00 nm 
dick ist > - r 

5. Verfahren -nach einem der vorhergehenden 
Anspruche, dadurch gekennzeichnet -daB der 
Siliziumdioxidfilm durch thermiscbe Oxidation 
einer SiliziumobeTflacheflSChicht. auf einem 
Siliziumsubstrat gebildet wird. 

6. Verfahren nach einem der AnsprOche 1 bis 4, 
dadurch gekennzeichnet, daB der Siliziumdioxid- 
film durch den voriauflgen Schritt der Bildung 
eines Siliziumnitrid berflachenfilms durch ther- 



mische Nitrierung einer SiJiziumoberfla'chen- 
^ schicht eines Slliziumsubstrats und durch Konver- 
?! tierung der exponierten Oberflache des Silizium- 
nitridfilms zu Siliziumdioxid durch Oxidieren ge- 
5 biidet wird. . 

.7. Verfahren nach Anspruch 6, dadurch gekenn- 
vzeichnet, da B der Siliziumnitridoberflachenfilm 
durch Erw3rmen des Siliziumsubstrats auf eine 
: :Tempetatur,von 900 bis 1300°C in einer Stickstoff 
jo V Venthaltenden '^mbsphalrejiiit einer bxidierenden 
"\/ViBniimlhi^ng'in einem Betrag von weniger als 
10Q ppm gebildet wird und die Oxidierung der 
. ./exponierten Oberflache des Siiiziumriitridfilms zu 
; u Siliziumdioxid durch ErwSrmung des Silizium- 
is nitrid in "einer oxidierenden Atmosphare bei einer 
Temperatur von 500 bis 1300°C bewirkt wird. 

Revendications 

20 1 . Procede de fabrication d'un dispositif a semi- 
cpnducteur ayant un film isolant cbmprenant un 
film de bioxyde de silicium recouvert d'un film 
d'oxynitrure de silicium, comprenant les etapes 
de formation d'un film expose de bioxyde de 

25 sillcfum sur un substrat de silicium puis de nitru- 
ration de la surface exposee du bioxyde de 
silicium par chauffage en atmosphere nitrurante, 
caracterise en ce que I'atmosphere nitrurante 
contient des atomes ionises d'azote a I'&taft de 

30 plasma, et la temperature de chauffage du film de 
bioxyde de silicium est comprise entre 800 et 
1300°C. 

2. Procede selon !a revendication 1, caracterise 
en ce que I'atmosphere nitrurante est formee par 
3$ excitation sous forme d'un plasma d'une atmos- 
phere d'azote gazeux, d'ammoniac, d'azote et 
d'hydrogene, d'azote et d'un chlorhydrate ou 
d'azote et .de chlore. 

. ^3 r Procede selon la revindication 1, caracterise 
40 /ericequajejllmisplan^ 

une epatsseur de v 3 a T9 rim. 

4. Procede selon Tune queiconque des revendi- 
cations precedentes, car^ct6rise en ce que lefilm 
r expose de bioxyde de Silicium est forme a une 
4S epaisseur comprjse entre 3 et 2000 nm. 

J5 Precede selon I'unejquelconque des revendi- 
cations precedehtes, caracterise en ce que le film 
de bioxyde. de silicium; est forme par oxydation 
thermjque.d'unf* couche superficielle de silicium 
so. d'un substrat de silicium. ; ; \ 

$. Procede selon r une quelconcjue des revendi- 
cations 1 . f 4, caracterise en ce que le film de 
bioxyde 'de silicium est forme par iine etape pre- 
iiminaire de formation d'un film superfieiel de 
ss nitrure de silicium par riitruration thermique 
d'une couche superficielle de silicium d'un subs- 
trat de.,sUicium; et par transformation de la sur- 
face exposee du film d* nitrure de silicium en 
bioxyde de silicium par oxydation. 
so 7. Procede selon la revendication 6, caract6ris6 
en ce que le film superfidiel de nitrure de silicium 
est forme par chauffage du substrat de silicium a 
une temperature de 900 a 1300°C en atmosphere 
contenant de I'azote, avec une impu(et6 oxydante 
65 en quantite inf6rieur e 100 ppm, etToxydation 
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do la surface expose* du film de nitrure de chauffage du nitrure de silicium en atmosphere 

silicium en bi xyde de silicium est realises par oxydante a une temperature de 500 a 1300°C. 
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